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(54)Title: FIELD-EM ISSION ELECTRON SOURCE 



(57) Abstract 

A field-emission electron source which comprises a 
field-emission electron source part formed on a p-type 
silicon substrate (1) and an n-channe! field-effect 
transistor part formed on the p-type silicon substrate (1) in 
a position corresponding to the field-emission electron 
source part and in which the field-emission electron 
source part is provided in the drain region of the field- 
effect transistor part, and the field-emission current from 
the field-emission source part is controlled by a control 
voltage applied to the gate electrode (8) of the field-effect 
transistor part, wherein the drain region includes at least 
two wells (3, 4) with different impurity concentrations, 
the well (4) having the lower impurity concentration is 
provided at an end part of the drain region provided in 
contact with the channel region of the field-effect 
transistor part. 
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INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP99/01423 



Continuation of Box No. II of continuation of first sheet (1) 

Continuation of the statement in box 

The inventions of claims 1 to 4 have the purpose to suppress the 
deterioration of the performance of an FET because of hot electrons. The 
inventions of claims 5 and 6 have the purpose to provide independently a 
gate insulating film for an FET and an insulating film for a field-effect 
electron source and the purpose to easily provide a multilayer 
interconnection structure. The inventions of claims 7 and 8 have the purpose 
to prevent the characteristics of an FET from changing because of the charge 
voltage produced in the upper portion of the channel region of an FET. The 
inventions of claims 9 to 13 have the purpose to inject uniformly carriers 
from the source region into the drain region and the purpose to achieve 
convergence by using the gate electrode of an FET while maintaining the 
quantity of electrons emitted. Therefore the groups of inventions of the 
claims do not have a common purpose - 

The constituent technical features common to the group of inventions 
of claims 1 to 4, the group of inventions of claims 5 and 6, the group of 
inventions of claims 7 and 8, and the group of inventions of 9 to 13 are 
those included in the inventions disclosed in the document JP, 08-87957, A 
cited as prior art by the applicant, and there are no essential constituent 
features common to the groups of inventions . 

Therefore, these groups of inventions are not so linked as to form a 
single general inventive step, and there is no technical relationship among 
those inventions involving one or more of the same or corresponding special 
technical features . 
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INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/JP99/01423 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This international search report has not been established in respect of certain claims under Article L7(2)(a) lor the following reasons: 
1. | | Claims Nos.: 

because they relate to subject matter not required to he searched by this Authority, namely: 



2. | | Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 



3. | | Claims Nos.: 

because (hey are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking* (Continuation of item 2 or first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 



1. QTJ As all required additional search fees were timely paid by the applicant, this international search report covers all 

searchable claims. 

2. [ | As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3. | | As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically claims Nos.: 



4. | | No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to thejnvention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest [ | The additional search fees were accompanied by the applicant s protest. 

| x | No protest accompanied*be ^vmeni of additional search fees. 
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International application No. 




PCT/JP99/01423 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 5 H01J1/30, H01L27/06 



According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 6 H01J1/30, H01L21/336, 27/06, 29/78 



Documentation searched other than minimum documentation to the extent that such documents arc included in the fields searched 

Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-1999 

KoJcai Jitsuyo Shinan Koho 1971-1999 Jitsuyo Shinan Toroku Koho 1996-1999 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
JICST File (JOIS) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 
Y 
A 


JP, 7-130281, A (NEC Corp.), 

19 May, 1995 ( 19. 05. 95 ) , 

Par. No. [0014] ; Fig. 2 

& EP, 651417, A & US, 5550435, A 


1, 5 
2-4, 6 
9-13 


Y 
A 


JP, 9-63467, A (Kobe Steel , Ltd. ) , 
7 March, 1997 (07. 03. 97), 

Par. Nos. [0031] to [0035 ] ; Fig. 1 (Family: none) 


4, 6 
9-13 


Y 


JP, 60-55616, A ( Hitachi, Ltd. ) , 

30 March, 1985 (30. 03. 85), 

Full text ; Figs. 1, 2 (Family: none) 


2, 3 


Y 


JP, 60-22375, A (Suwa Seikosha K.K.), 
4 February, 1985 (04. 02. 85), 
Full text ; Fig. 2 (Family: none) 


4 


EX 


JP, 11-102637, A (Futaba Corp.), 

13 April, 1999 (13. 04. 99), 

Full text ; Figs. 1 to 7 (Family: none) 


7, 8 



| [ Further documents are listed in the continuation of Box C. | | See patent family annex 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
" E" earlier document but published on or after the international filing date 
" L" document which may throw doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other 

special reason (as specified) 
"O ' document referring to an oral disclosure, use. exhibition or other 

means 

" ?" document published prior to the international filing date but later than 
the priority date claimed 



T later document published after the international filing date or priority 

date and not in conflict with the application but cited to understand 

the principle or theory underlying the invention 
"X" document of particular relevance; the claimed invention cannot be 

considered novel or cannot be considered to involve an inventive step 

when the document is taken alone 
" Y" document of particular relevance; the claimed invention cannot be 

considered to involve an inventive step when the document is 

combined with one or more other such documents, such combination 

being obvious to a person skilled in the art 
** <fc" document member of the same patent family 



Date of the actual completion of the international search 
19 July, 1999 (19. 07. 99) 


Date of mailing of the international search report 
27 July, 1999 (27. 07. 99) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 
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PATENT COOPERATION T^^Y 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
P20080-P0 


„ D PI1DTUrB . r*TTA\] SeeNotificationofTransmittaloflnternational Preliminary 
FOR FURTHER ACTION Examination Report (Form PC T/IPEA/4 1 6) 


International application No. 

PCT/JP99/01423 


International filing date (day/month/year) 
19 March 1999(19.03.99) 


Priority date (day/month/year) 

23 March 1998 (23.03.98) 


International Patent Classification (IPC) or national classification and IPC 
H01J 1/30, HO IL 27/06 


Applicant 

MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. 



1 , This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 



. sheets, including this cover sheet. 



This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have been 
amended and are the basis for this report and/or sheets containing rectifications made before this Authority (see Rule 
70.16 and Section 607 of the Administrative Instructions under the PCT), 



These annexes consist of a total of _ 



1 



sheets. 



This report contains indications relating to the following items: 
Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 



I 


I2SJ 


II 


□ 


III 


□ 


IV 




V 


X 


VI 




VII 


□ 


VIII 


□ 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 



Date of submission of the demand 

09 September 1999 (09.09.99) 


Date of completion of this report 

02 February 2000 (02.02.2000) 


Name and mailing address of the IPEA/JP 
Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/IPEA/409 (cover sheet) (July 1998) 




Irnational application No. 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT j PCT/JP99/01423 



I. Basis of the report 



1. With regard to the elements of the international application:* 
| | the international application as originally filed 
[X] the description: 

pages 1-41 , as originally filed 

pages , filed with the demand 

pages , filed with the letter of 



the claims: 

pages 2-13 , as originally filed 

pages , as amended (together with any statement under Article 19 

pages , filed with the demand 

pages 1 filed w j tn the letter of 24 January 2000 (24.01.2000) 



|/\] the drawings: 

pages 1-9 , as originally filed 
pages , filed with the demand 
P a g es , filed with the letter of ; 

| | the sequence listing part of the description: 

pages , as originally filed 

P a S es , filed with the demand 

Pages s tiled with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 

□ 

the language of a translation furnished for the purposes of international search (under Rule 23. 1(b)). 

I I the language of publication of the international application (under Rule 48.3(b)). 

the language of the translation furnished for the purposes of international preliminary examination (under Rule 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

I I contained in the international application in written form. 

I | filed together with the international application in computer readable form. 

1 1 furnished subsequently to this Authority in written form. 

1 I furnished subsequently to this Authority in computer readable form. 

I I The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

I 1 The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 

4. The amendments have resulted in the cancellation of: 

I I the description, pages 

I I the claims, Nos. 

I I the drawings, sheets/fig 



^ I j This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
' — ' beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally filed" and are not annexed to this report since they do not contain amendments (Rule 70. J 6 
and 70.17). 

**Any replacement sheet containing such amendments must be referred to under item J and annexed to this report. 
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Irnational application No. 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT I PCT/JP99/0 1 423 



IV. Lack of unity of invention 



1 . In response to the invitation to restrict or pay additional fees the applicant has: 
I I restricted the claims. 

1 I paid additional fees. 

I | paid additional fees under protest. 

I I neither restricted nor paid additional fees. 

This Authority found that the requirement of unity of invention is not complied with and chose, according to Rule 68. 1 , 

2. Ixxl not to invite the applicant to restrict or pay additional fees. 



3. This Authority considers that the requirement of unity of invention in accordance with Rules 13. 1, 13.2 and 13.3 is 
I I complied with. 

[X] not complied with for the following reasons: 

The object of claims 1-3 and 4 is to suppress FET performance deterioration due to hot 
electrons. The object of claims 5-6 is to independently design a fate insulating film for an FET 
and an insulating film for a field-emission electron source, and to make it easy to obtain a multi- 
layer wiring structure. The object of claims 7-8 is to prevent FET characteristics variation due to 
the charge voltage produced at the top petit of the FET's channel region. The object of claims 9- 
13 is to uniformly inject carriers from the source region to the drain region, and to enable 
focused operation while keeping the electron emission amount [stable] using the FET's gate 
electrode. Therefore the inventions disclosed in the aforesaid claims do not achieve the same 
objects. 

Also, the constitution features common to the inventions disclosed in claims 1-3 and 4 and 
claims 5-6 and claims 7-8 and claims 9-13 are merely constitution features disclosed in the 
inventions described in Laid-open Patent Application 8-87957 cited as prior art by the applicant, 
and the inventions disclosed in the aforesaid claims do not appear to share major parts with one 
another. 

Therefore, the inventions disclosed in claims 1-3 and 4 and claims 5-6 and claims 7-8 and 
claims 9-13 do not appear to have a technical relationship that includes distinctive technical 
features whereby these inventions have one or more of the same or corresponding technical 
features, and these groups of inventions are not so linked as to form a single general inventive 
concept. 



4. Consequently, the following parts of the international application were the subject of international preliminary examination 
in establishing this report: 

DKI all parts. 

1 | the parts relating to claims Nos. 
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rnational application No. 

PCT/JP99/01423 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. Statement 

Novelty (N) 

Inventive step (IS) 

Industrial applicability (I A) 



Claims 
Claims 

Claims 
Claims 

Claims 
Claims 



1-4,6-13 



7-13 



1-6 



1-13 



YES 
NO 

YES 
NO 

YES 
NO 



2. Citations and explanations 



Document 1: JP, 7-130281, A (NEC CORPORATION), 19 May 1995 (19.05.95) 
Document 2: JP, 9-63467, A (KOBE STEEL, LTD.), 7 March 1997 (07.03.97) 
Document 3: JP, 60-55616, A (HITACHI, LTD.), 30 March 1985 (30.03.85) 
Document 4: JP, 60-22375, A (K.K. SUWA SEIKOSHA), 4 February 1985 (04.02.85) 
Document 5: JP, 62-229880, A (TOSHIBA CORPORATION), 8 October 1987 (08.10.87) 
Document 6: JP, 2-9134, A (MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD.), 12 January 

1990(12.01.90) 

Document 7: JP, 64-61953, A (VICTOR COMPANY OF JAPAN, LIMITED), 8 March 1989 
(08.03.89) 

Document 1 cited in the ISR ([0014] and [Fig. 2]) discloses a field-emission electron source 
device comprising gate electrode 2 formed on p-type silicon 5 with insulating layer 3 interposed, a 
field-emission electron source part that includes cathode 1, and n-channel field effect transistor 8; an 
n-type silicon 4 region is formed at the edge of a drain region that makes contact with the field effect 
transistor's channel region. Also, document 3 cited in the ISR and additionally documents 5 and 6 
disclose giving the drain diffusion layer a gentle gradient by means of an As diffusion layer and a P 
diffusion layer. Applying the art of documents 3, 5, and 6 when forming document l's n-type silicon 
4 appears to be obvious to a person skilled in the art. Providing symmetrical impurity distribution in 
the drain when doing so is merely common general technical knowledge, as seen in documents 5 and 
6, and the subject matter of claims 1-3 appears to lack an inventive step on account of documents 1, 
3, 5, and 6. 

Also, from [Fig. 2] of document 1 it is clear that the gate insulating film formed between the field 
effect transistor's gate 8 and p-type silicon 5 is formed as a film that is thinner than insulating layer 
3, and the gate insulating film is buried by insulating layer 3, so the subject matter of claim 5 appears 
to lack novelty. 

Documents 4 and 7 cited in the ISR disclose increasing breakdown voltage by making the gate 
electrode width wider at the drain side, and it is clear that document 1 also increases breakdown 
voltage using the same art. Therefore the subject matter of claim 4 appears to lack an inventive step 
on account of documents 1, 4, and 7. 

Document 2 cited in the ISR discloses a structure in which an FET's gate insulating film is made 
of a thermally oxidized film in order to sharpen the emitter tip. Document 1 does not describe the 
method of forming the field effect transistor's gate insulating film, and there appears to be no 
inventive step in applying a well known manufacturing method per document 2. Therefore the 
subject matter of claim 6 appears to lack an inventive step on account of documents 1 and 2. 
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onal application No. 

PCT/JP99/01423 



Publication date 

( day/m onth/year) 



Filing date 
( day/month/year) 



Priority date (valid claim) 
(day/ month/year) 



1 3 April 1 999 ( 1 3.04. 1 999) 29 September 1 997 (29.09. 1 997) 



2. Non-written disclosures (Rule 70.9) 

Kind of non-written disclosure 



Date of non- written disclosure 
(day/m onth/year) 



Date of written disclosure 
referring to non-written disclosure 

(day/month/year) 
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